Background. GPs can refer obese children living in deprived areas to multidisciplinary programmes for a weight loss intervention, though the effectiveness of these local initiatives targeted to this specific group is unknown. Objective. To evaluate the effectiveness of the Kids4Fit intervention in deprived areas on child's weight status. Methods. Design and setting: cohort study, including a waiting list control period. Subjects: children (N = 154) aged 6-12 years, who signed up for the Kids4Fit intervention programme, led by a dietitian, physiotherapist and child psychologist were included. Measurements of standardized body mass index (BMI-z) and waist circumference were taken at start of the waiting list period, at start and at the end of the intervention and after 52 weeks. Mixed model analyses (random effects models) were used, expressed in effect per week [β with 95% confidence interval (CI)], compared to the waiting list expectancy over the 52-week study period. Results. Mixed model analyses showed a non-significant trend towards a lower BMI-z up to 52 weeks after start of Kids4Fit (β: −0.0024; 95% CI: −0.0053; 0.0004), compared to the waiting list expectancy. A significantly lower waist circumference was found over time compared to the waiting list expectancy (β: −0.0558; 95% CI: −0.0950; −0.0166). No differences were found in lifestyle and health-related quality of life. Conclusion. A local multidisciplinary intervention programme in deprived areas is effective in reducing waist circumference of obese children, compared to a waiting list expectancy, but no significant changes in lifestyle and quality of life were shown.
Introduction
Childhood overweight and obesity are a worldwide problem in developed countries as well as in developing countries (1) .
Especially in children of ethnic minorities and low social economic status who often live in deprived areas in Western countries, the prevalence of obesity is higher than in children from non-deprived areas (2, 3) . It is therefore especially import to target interventions to this particular group while these are often excluded in research.
GPs can play an important role in the diagnosis and management of childhood obesity. Several Western countries have recognized this opportunity and have developed clinical guidelines for primary care management of childhood obesity (4) . There is consensus among these guidelines on the recommended multidisciplinary intervention, with diet, physical activity and counselling as the three most important elements (4) . Several studies have shown that these interventions are most effective in the treatment of overweight and obesity in children (5) . However, these interventions did not focus on deprived areas.
Existing treatment options for GPs to refer to often depend on local initiatives, and the importance of these initiatives was recently acknowledged in literature (6) . Although these initiatives seem promising, the effectiveness is often unknown, especially in deprived areas where the prevalence of obesity is particularly high. One of the main barriers experienced by GPs in the management of childhood obesity is the unknown efficacy of existing interventions to refer to (7, 8) . Increasing awareness on the effectiveness of these local initiatives will help GPs in decision-making in the management of childhood obesity within primary care.
One local initiative in Rotterdam, the Netherlands, is Kids4Fit: a multidisciplinary intervention programme targeting obese children in social deprived areas. However, the effectiveness of this multidisciplinary programme on weight status is unknown. Therefore, this study aims to evaluate the effectiveness of a multidisciplinary intervention programme, e.g. Kids4Fit, on weight status and waist circumference (WC) in overweight and obese children in socially deprived areas. Secondary aims include the evaluation of the effectiveness on health-related quality of life (HRQoL), eating behaviour, physical activity and screen time (e.g. television, computer).
Methods
A cohort study, including a waiting list control period, was conducted among children who were admitted to the Kids4Fit intervention programme.
Children had to be aged between 6 and 12 years and had to be overweight or obese as defined by the International Obesity Task Force Body Mass Index (BMI) cut-off points (9) . Children with underlying medical pathologies, co-morbidities and inability to function in a group were excluded. Eligible children were referred to the Kids4Fit programme by health care professionals including GPs, paediatricians, youth health care workers or dietitians. After subscription, parents were informed about the study by the research team. When parents showed interest, they sent written information, and an appointment for the first measurement was scheduled. Before taking the measurements, parents and children aged 12 years provided written consent.
Kids4Fit is a 12-week multidisciplinary intervention for overweight and obese children, taking place on four different locations in deprived areas in Rotterdam, the Netherlands. The intervention consists of group sessions (8-12 children) provided by a physiotherapist, a dietitian and child psychologist.
Before the start of the intervention, each child and its parents an individual 20-minute intake appointment with all treatment providers took place, and children and parents were provided with information on the intervention.
The exercise component included 18 group-guided sessions led by a physiotherapist. The primary aim was to activate the child and stimulate to join a sports club. The training focused on fitness, strength and included different types of sport activities. The first 6 weeks consisted of 2-weekly 1-hour sessions in an indoor sport hall. The final 6 weeks of the programme consisted of 1-weekly 1-hour session, and additionally, children were stimulated to combine this with a sport of their choice in their neighbourhood.
All children attended four 1-hour group sessions with the dietician. These were focussed on healthy eating behaviour and physical activity. Special attention was given to having breakfast in the morning, avoiding sugared drinks, limited use of television or computer and daily physical activity.
Finally, all children consulted the child psychologist for four 1-hour group sessions, aimed to support the nutritional and exercise advice and improve the child's self-image. In addition, all parents attended four 1-hour group sessions with the child psychologist too in which they received information on a healthy lifestyle, how to incorporate this in family life and their position as a role model was addressed.
At the end of the 12-week intervention, a report with achieved results and potential next steps was sent to the GP, and the GP was expected to follow-up the child.
Treatment providers registered the presence of children and parents of all sessions. Children with an attendance rate of ≥75% were considered to be compliant to the intervention.
Data collection was performed at four time points: after children signed up for Kids4Fit (baseline), at start of the intervention (T1), at the end of the 12-week intervention (T2) and 52 weeks after start of the intervention (T3).
Anthropometric measurements were taken at all time points. The child's height was measured to the nearest 0.1 cm (SECA 217 freestanding mobile stadiometer) and weight to the nearest 0.1 kg (SECA 716 weighing scale). WC was measured twice to the nearest 0.1 cm on bare skin in upstanding position midway between the lowest rib and iliac crest. The mean of the two WC measurements was used for analyses.
At baseline, all parents filled in a questionnaire including sociodemographics (country of birth and highest level of education), previous attempts to reduce the child's overweight, whether new lifestyle habits felt necessary and willingness to change own lifestyle behaviour ('are you willing to change your own lifestyle habits?'). Parents additionally filled out questions on child's physical activity, eating breakfast (days per week), drinking sweet beverages (drinks per day) and screen time (days per week and minutes per day) in the previous 4 weeks. Physical activity was evaluated by the Dutch standard for physical activity, i.e. at least three days a week, 60 minutes/day moderately intensive exercise (10) .
Children aged 8 years or older (at inclusion) filled out a short questionnaire on HRQoL measured with the Pediatric Quality of Life Inventory 4.0 (11) . The sum of all items represent a global HRQoL score which can be divided into two subscores of physical (8 items) and psychosocial (15 items) HRQoL. Higher scores indicate a better HRQoL (scale 0-100). In children aged younger than 8 years, parent-proxy reports were used to measure HRQoL at all time points.
At T1, T2 and T3 all parents and children received the same questionnaire as used at baseline, excluding the socio-demographic characteristics.
Statistics
Sample size calculation was based on a decrease in BMI-z score of 0.6 [standard deviation (SD) 0.9] in the intervention period and a BMI-z score decrease of 0.1 (SD 0.8) in the waiting list period (12) . With a power of 80%, an alpha of 0.05 (one-sided) and loss-tofollow-up of 15%, a minimum number of 83 children was needed.
Data were analysed using SPSS (version 21.0) and statistical significance was set at P < 0.05. Descriptive statistics were used to describe baseline characteristics. Ethnicity was defined by two categories: children of whom both parents were born in the Netherlands and children of whom at least one parent was born outside the Netherlands. Parental education was categorized into high (at least a bachelor level) and low educational level (up to secondary level).
To evaluate the effectiveness of the intervention, an intentionto-treat analysis was applied. Mean (SD) scores for the standardized body mass index (BMI-z) and WC were calculated for all time points. BMI-z scores, i.e. BMI standard deviations, are measures of relative weight adjusted for child age and sex. Given a child's age, sex, weight and height, a BMI-z score was determined using World Health Organization reference data (13) . To examine the effectiveness of the intervention up to 52 weeks (T1-T3), compared to the waiting list expectancy, mixed model analyses (random effects models) were used. This method allows the use of incomplete data, collected at different time points. For the primary analyses, the course of BMI-z and WC over time were set as dependent variables with age at start, gender, ethnicity, parent's educational level, subscription to the intervention [referral (and by who) versus own initiative] and treatment group as covariates. Additionally, two time variables (random intercepts) were added to the model: one including all time points (including baseline) in weeks at which data were collected and the second only representing the time points in weeks for the intervention period: T1-T3. All other were set to zero. By including both time variables, we were able to adjust for changes in the waiting list period, which allowed us to study the pure effect of the Kids4Fit-intervention (Fig. 1) . Effects of mixed model analyses were expressed in change per week, compared to the waiting list expectancy; beta (β), with accompanying 95% confidence intervals (CI). All mixed model analyses were also performed for the compliant group (≥75% attendance rate) and non-compliant group separately. Descriptive statistics were used to describe secondary outcomes.
Results
From October 2012 to August 2014, 217 children were registered from who 154 children were included in the study (Fig. 2) . Baseline measurements were performed in 132 children and another 22 children entered the study at T1 (pre-intervention) without a waiting list control period. Of the children who actually started the intervention (n = 121), 56.2% (n = 68) was compliant to the intervention. The mean (SD) duration of the waiting list period was 23.3 (10.9) weeks.
Data from all 154 included children were used for analyses. The study population consisted of 66 (42.9%) boys, and the mean (SD) age was 8.5 (1.9 years) ( Table 1) . Of 85.3% of the children, at least one parent was born outside the Netherlands.
Primary study outcomes are reported in Tables 2 and 3 . Mixed model analyses showed a non-significant trend towards a lower BMI-z up to 52 weeks after start of Kids4Fit compared to the waiting list expectancy (β: −0.0024; 95% CI: −0.0053; 0.0004), expressed as the effect of the intervention per week. A significant reduction in WC was found over time compared to the waiting list expectancy (β: −0.0558; 95% CI: −0.0950; −0.0166).
Analyses on the compliant and non-complaint children showed a significant reduction in BMI-z (β: −0.05; 95% CI: −0.0089; -0.0015) and WC (β: −0.0816; 95% CI: −0.1357; 0.0275) in children not complaint to the intervention programme compared to the waiting list expectancy.
The global HRQoL at start of the intervention was 74.8 (16.0) ( Table 4) . At baseline, 25% of the children at least exercised moderately intensive for 60 minutes each day, and 15.9% was defined to be inactive. About 77% of the children had breakfast 7 days a week and this slightly increased to 81% at T3. Overall, no large differences were seen between the different time points on the secondary outcome measures.
Discussion

Summary
The current study aimed to evaluate the effectiveness of a local multidisciplinary intervention programme in primary care to which GPs can refer overweight and obese children to in socially deprived areas. A reduction in WC and a positive trend towards a reduction in BMI-z over time compared to the waiting list control expectancy was found.
Strengths and limitations
One of the strengths is that we evaluated an existing intervention in deprived areas. As a consequence, we applied an observational study design and not a randomized controlled trial design, given that we evaluated an existing intervention and did not want to interfere with the existing health pathways. We therefore made use of the waiting list period and added a baseline measurement at registration so that children formed their own controls. This allowed us to study purely the intervention effect, with a follow-up of 52 weeks.
It was apparent that we did not find any clear differences over time on any of the physical activity and eating behaviour outcomes analysed descriptively while differences were seen in anthropometrics. This might have been caused by the sensitivity of the questions asked to the parents by which we were not able to detect small differences. Besides these outcomes are only a few examples of healthy behaviour, and additionally, the parent (father or mother) who filled in the questionnaires sometimes differed between the measurements, which might have introduced some bias.
Comparison with existing literature
There has been much discussion in literature on the minimum clinical important difference (MCID) BMI-z for interventions in overweight and obese children (14) . Especially in children, long-term effects on adulthood weight status and consequently on health outcomes could have a large impact. Some studies have shown that a BMI-z decrease of 0.15 can already positively improve health measures (15) . However, most recent studies have used a MCID of 0.25 BMI-z as a reference for clinical effectiveness (16) . In our study, an overall reduction on BMI-z score of 0.12 (95% CI −0.27; 0.02) was found over the 52 week study period after the start of the intervention, adjusted for the effects of the waiting list period. Additional analyses showed however that the intervention delivered a 0.19 (95% CI: −0.25; −0.12) BMI-z reduction over 52 weeks, not taking the waiting list into account. This implies that the reduction in BMI-z score does not lead to a MCID, though the reduction found is comparable and larger than results of many other lifestyle interventions applied in children (17) . Moreover, the difference found has been associated with improvements in cardio-metabolic outcomes, already at this young age (17) .
To our knowledge, there is no literature available on the MCID in WC in children. It was however apparent that we found a significant 3.0-cm reduction in WC as a result of the intervention, compared to the waiting list expectancy over the 52-week study period. Some WC reference charts are available (18) . These show that WC at the average age of 8 is likely to increase with 1.5-2 cm/year. The relative reduction found in the present study can therefore be seen as a significant reduction in this obese population and is comparable or even larger than reported in recent literature not focusing on deprives areas (19) . As WC in overweight and obese children is strongly associated with cardio-metabolic risk, this can be seen as an important and relevant outcome of the present study.
The present study was performed in deprived areas therefore including children of different ethnicities (85% of children's parents were born outside the Netherlands) with relatively low socio-economic status. It has been shown that overweight and obesity rates are generally higher in these populations (20) . Research in these populations is often challenging due to the high drop-out rates in both studies and interventions (21) . It is therefore worth mentioning that 56% of the population was compliant to the intervention and the loss to follow-up was restricted to 25% at 52 weeks, of all children who participated in the Kids4Fit intervention programme. Given the relatively low costs of the intervention (average of €1015,-per child), and the improvement on the anthropometrics, the multidisciplinary intervention executed in deprived areas aimed to reduce weight in obese children, seems a feasible intervention to which GPs can refer obese children to. GPs should be informed on the effectiveness of these programmes since they reported this as a main barrier for referral (7) , and only 17 children were in this study referred by a GP.
Implications for clinical practice
A local multidisciplinary intervention programme in primary care is effective in reducing WC of obese children living in deprived areas compared to a waiting list expectancy. These local initiatives in deprived areas seem feasible and effective and could be further developed in order to improve compliance and effectiveness. This is because only 56% was compliant to the intervention, but significantly larger effects were found in the children compliant to the intervention. Future studies should therefore focus on improvement and predictors of compliance since this may also help GPs referral policy. 
